New current-mode bandpass filters using three single outputs inverting second generation current conveyors (ICCII) are introduced. The first circuit uses two ICCII+ and one ICCII−, and realizes an inverting bandpass response. This circuit has one floating resistor and no independent gain control. The second circuit uses three ICCII− and realizes a noninverting bandpass response. The third circuit uses three ICCII+ and realizes also a noninverting bandpass response. The second and third circuits employ four grounded resistors and two grounded capacitors and have independent control on Q and on the center frequency gain by varying a single grounded resistor. Spice simulation results using 0.5 um CMOS transistors are included to support the theoretical analysis.
INTRODUCTION
The differential voltage current conveyor (DVCC) having a balanced output current was introduced in [1] . The DVCC realizes the inverting CCII+ (ICII+) or the inverting CCII− (ICCII−) as special cases.
The symbolic representation of the ICCII is shown in Figure 1 (a). The relation between terminal voltages and currents is given by the following matrix equation [1] : 
The voltage at terminal X is the inversion of the voltage at terminal Y. The current at terminal Z follows the current at terminal X in magnitude. In (1) , the ±1 specifies the type of the current conveyor (ICCII+ or ICCII−). By convention, the positive sign is taken to mean that the currents at the X and Z terminals are both flowing inwards to the conveyor. Figure 1 (b) represents the CMOS circuit of the ICCII+ as special case from the DVCC given in [1, 2] . Figure 1 (c) represents the CMOS circuit of the ICCII− given in [3] , which is based on using the floating current source [4] to avoid the use of current mirrors in transferring current from port X to port Z of the conveyor. Current-mode filters have been introduced in the literature using two-output CCIIs [5, 6] or single-output CCIIs [7, 8] . The circuit reported in [7] uses five CCII+ and has two floating resistors, and the circuit in [8] has the advantage that all passive elements are grounded and it uses three CCII+ and one CCII−.
A current-mode filter which uses three single output ICCII+ was given in [9] . The circuit suffers however from having all resistors and capacitors being floating, besides, the capacitors are connected to the X terminals of the ICCII+ which limits the operating frequency of the circuit. Also there is no independent control on the gain or on the filter pole Q since the filter reported in [9] uses the minimum number of passive components, namely, two resistors and two capacitors.
In this paper all the disadvantages mentioned above will be avoided by introducing new current-mode bandpass filters using three ICCII+ or three ICCII−. Two of the proposed circuits employ four grounded resistors and two grounded capacitors and has independent control on Q and on the center frequency gain. It should be noted that the presented filters exhibit a bandpass response at their high impedance outputs, whereas the filter in [9] produces all the three filter responses at high-impedance outputs. Figure 1 (c). with a current to voltage lossy integrator in the forward path and a lossless integrator in the feedback path. Figure 3 (a) represents the first proposed current-mode bandpass filter circuit using three ICCII with two grounded capacitors and three resistors one of them is floating. The circuit block diagram is shown in Figure 3 (b). The current transfer function of the filter is given by
THE FIRST-PROPOSED BANDPASS FILTER
The ω o and Q are given by
The magnitude of the center frequency gain is given by
It is seen that R 3 controls Q of the filter without affecting ω o . However, there is no independent control on the gain. The Z polarities of the first and second ICCII must be opposite to each other whereas the third one polarity is arbitrary; therefore, four possible sign combinations can be obtained. The circuit however cannot employ three identical ICCII which is one of its disadvantages; besides, R 2 is floating. The second proposed circuit overcomes these limitations as described in the next section. Figure 4 (a) represents the second proposed current-mode bandpass filter using three ICCII− with all grounded passive elements. The circuit block diagram is shown in Figure 4(b) .
THE SECOND-PROPOSED BANDPASS FILTER
The current transfer function of the filter is given by
The ω o and Q are the same as given by (3) and the gain is given by
For a specified center frequency gains G, ω o , and Q, the design equations are given by
The circuit has very low sensitivities to all circuit components. 
(a) Grounded C current-mode bandpass filter using three ICCII All the above equations apply also to the circuit of Figure 5 (a).
It should be noted that, in all of the proposed circuits, the current in R 1 is of low-pass nature; however, to use this current, a current follower is needed.
SIMULATION RESULTS
Spice simulation results using technology SCN 05 feature size 0.5 μm from MOSIS vendor: AGILENT.
The circuit of Figure 4 (a) is simulated using the CMOS ICCII− of Figure 1(c) with the aspect ratios shown in Table 1 and with V DD = 1.5 V, V SS = −1.5 V. The circuit of Figure 5 Table 2 .
The two circuits are simulated to realize a bandpass filter having f o = 1 MHz, and Q = 10 and unity center frequency
(a) Grounded R, C current-mode bandpass filter using three ICCII− 
CONCLUSIONS
New current-mode bandpass filters using three ICCII+ or three ICCII− are introduced. The circuit employs four grounded resistors and two grounded capacitors and has independent control on Q and on the center frequency gain by varying a single grounded resistor. It is found that the proposed block diagram of Figure 4 cannot be realized using only three of CCII+ or three of CCII−. It is worth noting that a two CCII+, one CCII− or a two CCII−, one CCII+ bandpass current-mode filter having the same circuit topology as that of Figure 4 was given in [12] . The circuit reported
(a) Grounded R, C current-mode bandpass filter using three ICCII+ in [12] was generated from the Tow-Thomas [10, 11] circuit using a transformation method based on the adjoint network theorem [13] . It should also be noted that the recently reported current-mode bandpass filter [14] employs four ICCII blocks.
